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REMARKS 

Applicant respectfully requests entry of the above Preliminary 
Amendment to place this U.S. Patent Application in better form for examination and 
prosecution before the U.S. Patent and Trademark Office. 

The claims have been amended to eliminate multiple dependent claims 
and to more definitely and fully claim the subject matter of Applicant's invention. 
Applicant urges that the above Preliminary Amendment introduces no new matter into 
this U.S. Patent Application. 

Applicant sincerely believes that this U.S. Patent Application is now in 
condition for examination and prosecution before the U.S. Patent and Trademark 
Office. 

Respectfully submitted. 
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DEFIBRILLATOR COMPRISING A RELAY TESTING DEVICE 

[Thejjinvention relates to a defibrillator, particula^^aportable external 
defibrillator, having an output stage, which has a high- voltage element and patient electrode 
connector^j^hich can be automatically connected with^he latter by means o^a coupling 
circuit via a relay, as well as a relay testing device. 

fSuch ^defibrillator is disclosed iqEP 0 946 956 B 1 . A methodfis provided by 
thiaknown defibrillator, bybieans of/which a relay, Which islarranged in a coupling circuit 
between a high- voltage element and patient electrodes, is tested and^hichjcan be brought 
^n the one han^into an open positioi^jand^n the other han^into a closed position, in which 
the patient electrodes are connected with the high- voltage element. A test run is performed 
for testing the relay, in which a discharge of an energy storage element in the form of a 
capacitor, which stores the energy for the defibrillation pulse, is performed via the relay and 
the patient electrodes, and the voltage at the capacitor is measured. The voltage at the 
capacitor during the discharge is compared with a threshold voltage in order to [draw 
conclusions regarding jrthe relay status. In various situations it is /difficult to arrive at a 
dependable statement regarding the relay status^n this wa^. 

An automatic external defibrillator (AED), in particular a portable one, with 
a specially embodied high- 
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voltage element with an H-bridge and patient electrodes, which are connected in the 
transverse branch of the latter in series to form an inductive resistor (coil or equivalent 
component) is|recited i^DE 100 65 104 Al. It isjadvantageousl^ possible with this known 
defibrillator to generate bi-phased defibrillation pulses by an appropriate control of switching 
members of the H-bridge. psfdfrelay testfis^mentionedfther'S. r k^y/li^ 

|The|object of jthej^nvention is [based on making available|^an external 
defibrillator, in particular a portable one, Gf the type mentioned at the outset,^ by means of) <^ 
which the testing of the coupling circuit can be perforrtied as dependably as possible. ^^x/^ 
This object isj(attained by means of the] characteristics ^f claim J. Dn . 
accordance therewith it is provided that aldischarge resistor arrangement exists, to which a ••^ 
switch can be automatically made by^eans on the relay, instead of to the patient electrode ^ 
connectors, and ^hat]the relay testing device is designed for testing the relay while 
incorporating the status of the connected discharge resistor arrangement. 

Dependable conditions for testing the relay are created by|means ofjthe 
connected discharge resistor arrangement, so that a dependable evaluation of the relay status 
is achieved. Ji^^Ay^J^cXi^ \iX^c.^<Ju^UL 



The|^dependableJ testing of the coupling relay isjfurthered in thatj|he relay 
testing device has its own voltage supply for a test supply voltage, byjmeans of^hich a 
current can be run through the relay for testing the relay with the connected discharge resistor 
arrangement, wherein a current from the high-voltage element is blocked. These steps 
contribute to unequivocal testing conditions, while a simple construction of the measuring 
device can be realized. 
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rtherjadvantageousjembodiment of the relay testing device(consists in that 
it has^ measuring branch in which, with the discharge resistor arrangement connectedfon the 
one handj^ndjjhe discharge resistor arrangement disconnected ^n the other han^, different 
voltages or measuring currents exist, which can be incorporated in the testing of the relay. ^ ^ 

In this case^ dependabl^measurement is^ided in tha^he measuring branch 
has a measurement amplification circuit for forming a measured value regarding a relay 
status. I » , / -i" 

,^l5o CLSSiSi^ IT 

Unequivocal statements are [furthermore aided in that! (the measurement 
ampUfication circuit has a comparator forlmaking a comparisoAuwith a reference variable. 

TAriadvantageous construction of the defibrillator with the relay testing device 
^moreover consists in tha^the high- voltage element has an H-bridge, which can be charged 
with high voltage by an energy storage device for a defibrillation pulse, and has controllable 
switching members in the H-legs, and|that|the relay is arranged in series with an inductive 
resistor and on one side with the discharge resistor oij;Jon the other side^jwith the patient 
electrodes connected to the patient electrode connectors in the transverse branch of the H- 

[>^tfurther^dvantageou^ embodiment of the defibrillator with the relay testing 
device^onsists in thatja further relay is integrated between the relay and the patient electrode 
connectors, by^eans o^which the patient electrodes can be selectively connected with the 
high- voltage element or an EKG measuring device. , ^ it 

[^hg|invention^ill b^ explained in greater detail in^hat follows by meanl of 
an exemplary embodiment and by making reference to the drawing: n ^ vM^^^iUi^ -f^ y^^\^^ 
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The drawing figure shows an output stage of a defibrillator, in particular a 
portable external automatic defibrillator (AED), having a high-voltage element with a 
charging device 1 and an H-bridge 2, as well as afcoupling circuit 3|connected therewitlj. 
The charging device has a charging element 1.1, for example an alternating voltage source 
with a transformer 1 .2 connected therewith, for generating a high voltage, by^eans o^ which 
an energy storage element in the form of a storage capacitor C, or a storage capacitor 
arrangement, is charged for defibrillation with electrical energy via a charge diode 1.3 in a 
^mannerjknownjper sj. In its H-legs, respectively oriented toward the positive pole on the one 
side and toward the negative pole on the other side, the H-bridge 2 has respective switching 



members 2.1, 2.2, 2.3, 2.4, 



which are triggered byfaieans ofjassigned trigger circuits 2.5, 2.6 

J- — ^^rt^j^ Pa.+-*iA.+ l^^^J^^v-^ 

in^ 2.8, such as described in greater detail in/DE 100 65 104 Al mentioned at the outset, for 

example. As a [special Ifeature oflthe instann H-bridge, a diode arrangement 2.9, 2.10 is 

arranged anti-parallel pnjespect to two switching members 2,3, 2.4, one of which is arranged 

in the H-leg leading to the positive pole and one in the oppositely located H-leg leading to 

the negative pole, in order to assure (the [dependable functioning of the switching members 

2.1, 2.2, 2.3, 2.4 during bi-phased operation by^eans ojfiree- wheeling, ^n particula^uf 

switching processes at a higher frequency, for example 10 kHz or more, are performed for 

regulating the pulse energy, for example by^eans o^a current control. In the transverse 

branch QZ of the H-bridge 2, an inductive resistor LI in the form of a coil or of an equivalent 

switching element lies in series with a coupling relay 3.1 of the coupling circuit 3, as well as 

in series with a discharge resistor RD or, selectively instead of the latter, with patient 

electrode connectors PEA, which can be automatically connected by^eans o^he relay arid 

to which patient electrodes PE are connected during the operation. The discharge resistor 
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RD is, for example, a resistor comparable with the patient impedance of a defined value, for 
example in the range between 10 and 100 Ohm, for example 25 or 50 Ohm. For assuring a 
defined state, the energy storage element C can be discharged via the discharge resistor after 
a time of non-use which can be fixed, or after a defibrillation. 

Besides the relay 3.1, the coupling circuit 3 has a fiirther relay 3.2 located 
between the first one and the patient electrode connectors PEA, by^eans o^ which the 
patient electrodes PE can be selectively connected with an EKG measuring device EKG or 
the H-bridge 2 of the high- voltage element. Both relays 3.1,3.2 can be triggered by ^eans 
o^ respectively assigned relay controls 3.3, 3.4, wherein in the |exemplar^ embodiment 
represented, the relay control 3.3 has control circuit resistors R4, R5, a control circuit 
transistor Tl, as well as a control circuit diode D4 in the arrangement j^epresente^. The 
further relay control 3.4 has control circuit resistors R6, R7, R8, two control circuit 
transistors T2, T3, as well as a control circuit diode in the arrangementjrepresente^ 

The two relays 3.1, 3.2 can be switched between the indicated switching 
positions by^eans o^the relay controls 3.3, 3.4, which^oul^lso be designed in a different 
way. 

The coupling circuit 3 is^rthermorejequipped with a relay testing device for 
the coupling relay 3.1. The relay testing device is used for checking the relay 3.1, wherein 
the current is cut off from the high-voltage element, in this case the H-bridge 2, by the 
appropriate triggering of the switching members 2.1, 2.2, 2.3, 2.4. In place of this, a test 
supply voltage UT, separately provided for the relay test, on an order of magnitude of some, 
or some 10 Volt, for example between 6 and 30 Volt, is made available by a test supply 
voltage device. The relay testing device is designed^n such a wa'^that, with the discharge 
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resistor RD connected to the relay 3 . 1 , a closed electrical circuit is formed from the positive 
pole of the test supply voltage UT via a first resistor arrangement RI with several resistors, 
the discharge resistors RD, the corresponding contacts of the relay 3.1 and a further resistor 
arrangement RII with several resistors, to ground GND. Parallel with this current path, a 
measuring branch ME with measuring circuit resistors Rl, R2, R3 and measuring circuit 
diodes D 1 , D2, D3 and a comparator circuit K is formed between the positive pole of the test 
supply voltage UT and the first resistor arrangement RI, wherein the measuring circuit 
resistor Rl is located in a current path leading to an input connector of the comparator circuit 
K, the measuring circuit resistor R2 is connected to ground between the first measuring 
circuit resistor R2 and the input connector of the comparator circuit K, and the third 
measuring circuit resistor R at the output of the comparator circuit K is connected with a 



preselected potential. The measuring circuit diodes Dl, D2^re embodied asj^stabilizing 
Zener diodes and are connected to ground upstream of the first measuring circuit resistor Rl , 
while the third measuring circuit diode D3 is connected to ground parallel with the second 
measuring circuit resistor R2. A preselected or preselectable comparison voltage is 
connected to the second input connector of the comparator circuit K. 



current path, a partial current 14 of a total current 1 1 present from the positive pole of the test 
supply voltage UT to the branching point ME, flows through the relay 3.1, while a further 
partial current flows to ground as the measuring current 13 through the measuring branch ME 
via the second measuring circuit resistor R2 and generates a corresponding voltage drop at 
the^attemvhich, in the connected state of the relay 3.1 results in a comparative voltage 
corresponding to this state. 
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If, by^eans o^an appropriate triggering of the relay 3 . 1 , the discharge resistor 
RD is not connected, the total current 11 flows as the measuring current 12 through the 
measuring branch ME and generates a correspondingly greater voUage drop at the second 
measuring circuit resistor R2, which can be detected by ^eans o^the comparator circuit K. 
It is thus possiblefoy means onthe measuring branch ME to differentiate between a connected 
and a non-connected status of the discharge resistor RD, and conclusions canpe drawn in this 
wa^regarding the proper functioning of the relay 3.1, for which purpose the output signal 
of the comparator circuit K is suitably evaluated in an evaluating circuit. 

Other amplification circuits are conceivable in the measuring branch ME 
wherein, for example, it is possible to differentiate between not completely closed and 
completely open states of the relay 3.1, provided such an evaluation is desired. Because of 
the separate test supply voltage UT, the relay testing device is independent of the high- 
voltage element, so that a dependable statement regarding the ability of the relay to function 
is possible. The control circuit of the defibrillatorjhas bee^jciesigned^ such a wa^hat it 
connects the high- voltage element with the patient electrodes PE only if the relay 3.1 
functions correctly. For example, this function can also be realized in that the further relay 
3.2 is triggered^ such a wa^hat it interrupts the connection between the patient electrodes 
PE, or the patient electrode connectors PEA, and the high-voltage element if a faulty state 
of the coupling relay 3 . 1 is detected. The evaluation can take place in a suitable logic circuit, 
for example a programmed micro-controller, or another programmable logic unit (CPLD), 
and can be used for further control functions. 
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